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Abstract. The backcross breeding procedure haa been isstd widely to transfer simply inherited traits into elite t^enotypes. 
Genetic markers can increase tlie effectiveness of faackcro^ing by 1) increflstng the probabUify of obtnlnlos a suitable 
conversiou, and 2) decreasing the time required to adiieve an acceptable recovery. Slmnlatiott and £eld results indicated 
that, for a genome con5l5tiag often 20O-cM chromosomes^ basing selection on 40 or 80 markers Ln 50 BC Individuals that 
carry the allele being transferred can reduce the number of backcross generations needed frona about seven to three, 

The backcross breeding procedure has been used widely 
to transfer simply inherited traits into eljtc genotypes. 
Usually, the trak being iranafcrred is controlled by a 
single gene, but highly heritable traits ±ac arc more complexly 
inherited have also been transferred successfully by bacliross- 
ing; for example, malurity in maize (Rlnke and Seniz, 1961; 
Shftver, 1976). Today, backcrossin^r is being used to transfer 
gcccs introduced by such techniques as transfocmiliofl or 
mutation into appropriate eennplasnL 

Several plant breeding textbooks give good descriptions of 
the backcross procedure (AUard, 1960; Fehr, 1987), A donor 
parent (DP) carrying a trait of interest is crossed to the recurrent 
parent (B!P), an elite line that Is lacJdn^ the trait. The F, Is 
crossed back co the RF to produce ibe BC, generation. In the 
BCj and subse<iuentbackcross generadonSs selected individu- 
als carrying the gene being transferred are backcrossed to the 
HP. The expected proportion of DP genome is reduced by half 
with each generation of backcrosslng. Ignoring effects of Ilnic- 
age 10 the selected DP allele being txansfcrrcd. the percentage 
recurrent parent (%RP) genome expected in each backaoss 
gcDcradon is calculated as: 

%RP«. 100(1 -(0.5)«*»] 



where n is the number of backcrossea. 

Backcrossing of selected plants to the RP can be repeated 
each cycle until a line is obtained that is essentially a verglon of 
the RP that includes the introgrcssed allele. After six back- 
crosses, the expected recovery Is >99% (Table 1). 

Until recently, discussions of the recovery of the RP genome 
during backcrossing have cmphuized the expected values for 
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%RF shown in Table I. and have largely ignored the genetic 
variation for %RP that exists around the expected mean. With 
the development of genetic maricers capable of providing good 
genomeco veragc, there has been interest in taking advantage of 
that variation to increase the efficiency of backcrossing. 

Selection for RP marker alleles can increase greatly [he 
effectiveness of backcross programs by allowing the breeder to 
1) select backcross plants that have a higher proportion of RP 
genome, and 2) select backcross Individuals that are better 
conversions near a mapped donor allele being transferred (i.e.. 
Select for less linkage drag). Expressed inpractical terms, using 
genetic markers to assist backcrossing can 1) increase the 
probability of obtaining a sukable conversion* and 2) decrease 
the time required to achieve an acceptable nxoveiy. 

Issues to consider when planning a marker*assisted back- 
cross program include 1) the time advantage of using markers 
to assist backcrossing, 2) the number of markers needed, and 3) 
the number of genotypes co evaluate. In this report, we use 
results from previous literature, computer simulation, and em- 
pirical studies to provide some guidelines - 
TabU t Bisected Ftcinery cf nniLtntit parsnt (HP) ge/xortu during 

Ceocrttton SSL- 

F, 30.0000 

BCj 75,0000 

BC, 87.5000 

BCj 93.7500 

BC^ 96,8750 

BC, 98.4375 

fiC^ 99.2188 

BC, 99.6094 
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jy^Qtcrlals and methods 

The maize genome was the model for the simuloLion. The 
, jifTiuIated genome contained cen200-cMchroTnosonies. Simu- 
lation ofcrossin^ over was based on & Polsson distribution with 
ft mean of 2.0 (X 2) (Hanson, 1939}, which, on average, 
generated one cross over for every 1 00-cM length. The simula- 
oons reponed here asfiuniG no interference- Codominant ge- 
nclic markers were evenly distributed in the genome and sites 
of the donor gene were r;indo miy assl gned lo genome locaiioi^s. 
Simulations were conducted with the following parameters: 

Number of progeny: 100 or 500. 

Backcross generations: BC,, BC^, and BC,. 

Number of markem: 20, 40, 80, or 100. 

Number selected to form the nexiBC genexailon: 1 or 5. 

Sckcdon wa^ based on 1 ) presence of ;he donorallele and 2) 
high %RP). %RJP was cakulalcd as the average of the (one or 
five) selected individuals. Values presentad are the mean of 50 
simulations. 

Results 

In the computer simulation study, all methods modeled 
greatly increased the speed of recovering the RP genonie 
. compared to the expected recovery with no markcp-assisied 
' selection (compare Tables 1 and 2). At least 80 markers were 
. rcijoircd to recover 99% of the RP genome in just three BC 
generations (Table 2). Use of at least 80 markers and 500 
progeny allowed recovery of 98% RP in just two BC genera- 
tions. Response to selection was diminished only slightly by 
spTcad^iig the effort over five selections. Using markers, the 
number of backcross generations needed to convert an Inbred Is 



reduced from about seven lo three. 

By the BC^ generation, there appears to be no practical 
advantage to using 500 vs. 100 individuals. If th presence of 
the donor trait In Ae backcross individuals can be ascertained 
before markers are genocypcd, then only half the number of 
individuals indicated in the tables will need to be analyzed. 

When a small number of markers arc used, they quickly 
became non-infonnalive; j,c., selection causes the marker loci 
to became fixed for the RP type before the rest of the genome 
is fully convened (Tabic 2; Hospital eiaS., 1992).Thiisicuadon 
was most prominent in ihc larger populations, where a higher 
selection intensity placed more sclcctiori pressure upon the 
maimer loci. Aecoidingly, it is of interest to consider how 
closely the csiiination of 9&RP based on markers reflects tlie 
actual genome composfdon. The combination of esdmadon of 
%RP based on fewer markers and subsequent selection tends to 
bias the estimates upward (compare Tables 2 and 3). 

The results from the simulation compare well with real field 
data. In a typical example, 50BC^ plants carrying the gene being 
transferred were genoiypcd at 83 polymorphic RFLP loci (note 
that this conrcsponds to a population size of lOO unselected 
plants in Tables 2 and 3). The five best BC. recoveries had 
estimated %RP values of 85,9%, ^2.7%, 82.0%, 81.4%, and 
81.2%. After evaluating lOBC^ plants from each selected BC,, 
die best BCj recovery had an esdmaied %RP of 94.6%. 

Dlscusalon 

The simuladons (Tabic 2; Hospital et al., 1992) and our 
experience indicate that four markers per 2(X>-cMchromCiOmc 
is adequate to greatly increase the effectiveness of selection in 
the BCj. However, using only four markers per 200 cM will 
likely make it very difficult to map the locaaon of the gene of 
interest, Adequate summarization of the data is an importam 
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; pan of a marker-assisted backcross program. Ideally, the mark- 
^ used can supply dau thai can be represented as alleles ofloci 

• ^th known map poslclon. Estimation of %RP. mapping the 
p05 Irion of the locus of interest, and graphical display of (he 
results (Young and Tanfcslcy, 1989) are all useful in under- 
jfanding and controlling the specific backcross cxpcrimcnc 
jjeing conducted. 

It appears that, with che use of genedc nuu*ker5, the portion 
. of the RP genome that Is not linked to the allele being txajis- 

• .^tred can be recovered quickly and with confidence. The 
recovery of KP will be slower on the chromoaoine carrying the 

; .gene of interest A considcitihle amount of linkage drag is 
expected to accompany seieccion for the t)P allele in a back- 

. ..cross program. For a locus located in the middle of a 200-cM 
cbromosomct ihc length of the DP chromosome aegment ac- 

\ companying selection Is expected to be 126« 63, and 28 cM in 

' the BC . BCj, and BC, genexadons, respecUvcly (Hanson, 

• ,jd59;NaveiraandBarbadilla, 1992). Ouf observations support 
the recommendation of Hospital et al (1992) thai preference be 
given CO ^he selcctioa for rccomblnanis proximal lo ihc allele of 

'[•interest, but that selection for recovery of the RP elsewhere In 
the genome also be considered. This two-sUge selection can 
probably be done quite cffet lively ad hoc by the breeder once 

; the d&ia is adequately suzzunarizcd; however. Hospital ct al. 



suggest waya to Incorporate the two criteria Into a selccu'on 
index such rfiat each component of selection is Assured appro- 
priate welghung. 

Useofgcnctic markers can greatly in crease the effectiveness 
of backoo^sing, and they should be used in any serious back- 
crossing program if resources axe available w (he breeder. 
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